Introduction
Knee osteoarthritis is a multifactorial degenerative joint disease that is caused by changes in the articular cartilage and the sub-chondrial bone, osteophyte formation, and synovial tissue inflammation (1) . Osteoarthritis is one of the most common articular cartilage diseases and one of the major causes of physical and socioeconomic disabilities (2) . The disease comprises half of the problems in people aged over 65 years and represents the second leading complaint among outpatients. Osteoarthritis brings discomfort and disability for around 10% of the total human population due to chronic joint pain and inflammation. Although knee osteoarthritis is not a fatal disease, if left untreated, most of the patients will have to tolerate chronic joint pain and join diseases until the end of their life (3). An estimate of over 50 million Americans are expected to develop osteoarthritis by 2020 (4) . In Iran, nine out of every 10 patients aged 30-35 years who refer with the main complaints related to knee, waist, and neck pain suffer from osteoarthritis. Patients with osteoarthritis are reported to visit the doctor approximately 8 times each year, which is twice as high as the number of referrals by patients with hypertension (5) . The main symptoms of knee osteoarthritis include pain, morning stiffness, mobility impairments, and articular tenderness (6) . Fatigue is a multidimensional concept that includes general fatigue, physical fatigue, mental fatigue, reduced activity, and reduced motivation. General fatigue affects the individual's general functions during the day, physical fatigue refers to the fatigue-related bodily sensations, mental fatigue is characterized by the development of cognitive symptoms, reduced activity is related to decline in activity after development of mental fatigue, and reduced motivation refers to a reduction or lack of motivation to start any activity (7) . Conventional treatments for osteoarthritis include nonsteroidal anti-inflammatory drugs (NSAIDs), cyclooxygenases, corticosteroids, intra-articular injection of hyaluronic acid, and ultimately joint replacement. Most of these drugs produce numerous toxic effects (8, 9) . Therefore, the use of nonpharmacologic methods has been given priority due to their ease of use, increase in the activity and compliance of the patients, reduction in health care costs, hospital bed occupancy rate, and costeffectiveness (10) . Aromatherapy, massage therapy, muscle relaxation, music therapy, guided imagery, yoga, and hypnosis have been considered alternative or complementary approaches (11) (12) (13) Massage is defined as a manual work on soft tissues of the body with a rhythmic and impulsive pressure aimed at improving the health and well-being of the body and includes a variety of manual techniques, pressure techniques, and rubbing the body. Since massage reduces the activity of the adrenal gland, level of adrenalin, activity of the sympathetic nervous system, and stress, it indirectly affects pain relief (14) . Besides that, aromatherapy is used to relieve pain, anxiety, depression, insomnia, and fatigue by means of the essential oils extracted from different parts of the plants. Aromatherapy gently induces certain changes in the mind and body, and reduces muscle pain (15) . Lavender is one of the most widely used medicinal plants in aromatherapy. It is one of the most popular essential oils for relieving pain. It is a safe plant without any known contraindications, and has been frequently used in different studies (16, 17) . Maintenance of physical function to do self-care activities is essential for patients with chronic diseases such as osteoarthritis; and complementary methods can reduce the severity of pain and symptoms, and improve motor function in such patients. More importantly, in Iran, due to cultural differences in people's lifestyle and customs, including the habit of sitting on the ground, the use of traditional toilets, and low physical activity, and the debilitating nature of osteoarthritis, the disease is more prevalent. Therefore, the aim of this study was to compare the effects of massage therapy and aromatherapy on fatigue in patients with knee osteoarthritis referred to the Imam Ali Clinic in Shahrekord, Iran.
Materials and Methods
The inclusion criteria consisted of patients suffering from knee osteoarthritis according to the diagnosis of rheumatologist, having suffered from the disease for at least six months and at most five years, lack of topical skin infections and open wounds in the areas where massage would be done, being 40-60 years old, lack of history of other autoimmune diseases such as lupus erythematous and rheumatoid arthritis, lack of history of chronic neuropathic diseases such as diabetes, lack of intraarticular drug injection in the past three months, lack of previous knee surgery and severe knee trauma, lack of history of asthma, migraine, allergy to plants, chronic headaches, and heart disease, and having a healthy sense of smell. Exclusion criteria were exacerbation of the disease symptoms, lack of regular referring to the clinic, and the use of NSAIDs for knee pain during the study. After obtaining written consent from the patients, participants were selected by convenience sampling and assigned to three equal groups by blocked randomization. The instrument for collecting the data included a questionnaire, including demographic characteristics (gender, age, height, and weight), number of children, occupation, physical activity, and the duration of the disease, as well as four items about the history of allergy to plants, migraines, chronic headaches, and olfactory impairment. This questionnaire was filled out by the researcher as he was interviewing the participants. The second section of the instrument used was the Multidimensional Fatigue Inventory (MFI). This inventory has 20 items and covers five dimensions: General fatigue (items 1, 5, 12, and 16), physical fatigue (items 2, 8, 14, and 20), mental fatigue (items 7, 11, 13, and 19), reduced activity (items 3, 6, 10, and 17), and reduced motivation (items 4, 9, 15, and 18). The items are rated on a 5-point Likert scale from Yes, absolutely correct to No, absolutely incorrect. The score of each item ranges between 1 and 5, and the items 2, 5, 9, 13, 14, 16, 17, 18, and 19 are scored inversely. The total fatigue score is determined by summing scores on all dimensions ranges between 20 and 100, with higher scores indicating higher levels of fatigue. Validity and reliability of this instrument have been determined previously (18, 19) . The MFI has also been translated into Persian and the Persian duplicate has been validated (20) . It has also been used for various types of diseases such as chronic fatigue syndrome (21), cancer (22) , heart failure, and respiratory disorders (23, 24) as well as in hemodialysis patients (7). All 3 groups underwent physiotherapy using TENS and FARADIC (Iran) at 50 Hz current. After physiotherapy, classical massage was done on the knee by the researcher for the patients in the massage therapy group. It should be noted that the researcher himself completed the questionnaire and was present during the interventions. Because the intervention was performed by manual massage, the researcher used sweet almond oil to reduce friction and slipperiness of the area on which massage would be done. The amount of oil used in each session was 3 mL and massage therapy was conducted within 10 sessions, each session lasting 20 minutes, and three sessions per week. For the aromatherapy group, the essential oil of lavender (botanically called Lavandula angustifolia) (Barij Essence Co., Kashan, Iran), which is a flowering plant of the Lavandula genus, was used. The patients in this group were asked to refer for physiotherapy in the morning. Then, two drops of L. angustifolia essential oil embedded in a 3 ml dropper was dropped on a cotton ball and then the cotton ball was attached to the collar from 10:00 pm to 7:00 am at home every other day for one month. The control group received routine physiotherapy alone. Patients were asked to inform the researcher if they used the analgesics or if their symptoms were exacerbated. Such patients were excluded from the study. The MFI was administered before intervention, and also in the fifth and tenth sessions of the intervention in all three groups. The patients in the aromatherapy group were asked to refer to the clinic after the tenth session of intervention to be followed up for adherence to the determined protocol. Data analysis was conducted by the SPSS version 20 using chi-square, Fisher's exact test, repeated measures ANOVA, one-way ANOVA, and Tukey's test.
Results
In this study, 93 patients with knee osteoarthritis were studied in three groups (31 patients in each group), controls, massage therapy group, and aromatherapy group. The majority of participants were female and housewives. The mean (±standard deviation) age of the participants was 72.5 (±9.5) years in the control group, 72.9 (±9.9) years in the massage therapy group, and 69.5 (±9.7) years in the aromatherapy group (P > 0.05). The age, sex, body mass index (BMI), and other demographic variables of the three groups were not significantly different (P > 0.05) (Tables 1 and 2 ). The repeated measures ANOVA also indicated no difference in fatigue score among the groups (P = 0.120). But, the mean scores at different intervals were significantly different (P = 0.003). The fatigue scores at different intervals were significantly different before intervention when compared to those after intervention, while no difference in pain score between the fifth and tenth sessions was observed. The mean scores of fatigue were significantly different between the groups (P < 0.001). At all intervals, the fatigue scores of the control group were higher than those of the other two groups and the fatigue score in the massage therapy group in the fifth session of intervention decreased when compared to that before the intervention, and in the tenth session, the fatigue score increased when compared to that in the fifth session. The fatigue score decreased at all intervals in the aromatherapy group (Table 3) . After the completion of the intervention, the mean scores on the dimensions of the MFI were calculated separately, with the results as follows: Repeated measures ANOVA results on the general fatigue score showed that no statistically significant difference in the mean score of general fatigue was observed among the three groups (P = 0.772). The mean scores of general fatigue at different intervals were not statistically different (P = 0.058). The mean scores of general fatigue at different intervals in different groups were not significantly different (P < 0.001). At all intervals, the control group attained the highest general fatigue score, but the score decreased in both the massage therapy group and the aromatherapy group, with a more pronounced decrease in the massage therapy group (Table  4) . Repeated measures ANOVA results on physical fatigue score showed that there was no significant difference in the mean scores of physical fatigue among the groups (P = 0.108). The mean scores of physical fatigue at the studied intervals were not significantly different (P = 0.149). The mean scores of physical fatigue at different intervals were not significantly different among the three groups (P = 0.567). At all intervals, the physical fatigue score of the control group was higher than the other two groups. The physical fatigue score in the fifth session was significantly higher when compared to that before intervention, but in the tenth session, it was lower when compared to that before intervention. However, in the massage therapy group, the physical fatigue score decreased at the end of the tenth session ( Table 5 ).
The repeated measures ANOVA results showed that there was a significant difference in the mean score of the reduced activity dimension among the three groups (P = 0.010). The mean score was significantly lower in the massage therapy group than in the other two groups (P < 0.001). No difference in the score of the reduced activity dimension between the fifth session and the tenth session was observed, but the mean scores at different intervals after intervention were significantly different when compared to those before intervention. The mean scores of the reduced activity dimension at different intervals in different groups were significantly different (P < 0.001).
The mean score of the reduced activity dimension in the massage therapy group significantly decreased over time compared to the other groups. In the control group, the score in the fifth session decreased when compared to that before intervention and in the tenth session, it increased when compared to that in the fifth session, but the score did not change over time (Table 6 ). The repeated measures ANOVA results showed that no statistically significant difference in the scores of the reduced motivation domain was observed among the groups (P = 0.640). The mean score of the reduced motivation domain at the studied intervals were significantly different (P < 0.001). The scores on the reduced motivation domain at different intervals after intervention were significantly different when compared to those before intervention, but no difference in this domain between the tenth and fifth sessions was observed.
There was a significant difference between the mean scores of the reduced motivation dimension among the groups at different intervals (P < 0.001). The downward trend in the reduced motivation domain in the massage therapy group remained constant from the beginning of the intervention to the tenth session, but this trend did not significantly change in the other groups (Table 7) .
Results from repeated measures ANOVA regarding mental fatigue showed that there was a significant difference in the mean score of mental fatigue between the control group and the aromatherapy group (P = 0.028), but not between the control group and the massage therapy group. The mean scores of mental fatigue at different intervals were not significantly different (P = 0.300). The mean scores of mental fatigue at different intervals between the groups were significantly different. At different intervals, the mean scores of mental fatigue were higher in the control group when compared to the other two groups (Table 8 ).
The score in the fifth session decreased when compared to before intervention in the aromatherapy group but increased in the tenth session when compared to that in the fifth session. In the massage therapy group, an inverse change in the score of mental fatigue was observed.
Discussion
The effects of the intervention on the trend of changes in the fatigue score showed that the changes in fatigue in the massage therapy and control groups were not significant, while in the L. angustifolia aromatherapy group, the changes were significant so that the scores of fatigue reduced after intervention. One of the reasons that can be mentioned for the lack of a significant effect of massage on the fatigue of people with knee osteoarthritis is the short duration of intervention that was scheduled for 10 sessions. The results of this study are in contradiction with the results of the study Özdemir et al with the aim of examining the effect of massage on the severity of fatigue and muscle cramps in patients with end-stage renal disease. The results of that study showed that massage had a positive effect on the fatigue in the patients (25) . In another study by Sakamoto et al to investigate the psychoneuroimmunologic effects of massage during the postpartum period, the massage was found to decrease fatigue (26) . The results showed that the effect of the aromatherapy on mental fatigue was greater than that of massage therapy. In another study by Lee, on the effect of aromatic oils of lavender and eucalyptus on the postpartum fatigue and quality of sleep, the aromatic oils were observed to significantly affect postpartum fatigue, which is consistent with the results of the present study. The reason for this result is the clinical effects of this essential oil, including suppressing the sympathetic system, improving mood, and reducing stress (27) which is consistent with the study of Sakamato et al to determine the effect of lavender essential oil during rest on the performance of male students (26) . The effect of essential oil on the central nervous system is very prominent. The essential oil reduces fatigue by producing physiological and psychological effects (1, 28) . The fragrance is a stimulant and is warm-natured and penetrating with respect to its smell and effect. Since the aromatherapy facilitates secretion and release of bile, it is used in mental-psychological diseases. The use of this method is useful for general weakness, excessive fatigue, and lethargy as well as during recovery (8) .
Reduced motivation, physical fatigue, and general fatigue are other dimensions of fatigue whose scores did not change significantly and no difference in these dimensions among the 3 groups was observed. In the study of van Weert et al, the highest score was attained for the general fatigue dimension and the lowest score for the reduced motivation dimension (29) . In the study of Biniyaz et al, comparatively higher mean scores were attained for the physical fatigue and general fatigue dimensions than the other dimensions of fatigue (7). The effectiveness of the methods studied, such as massage therapy and aromatherapy, requires frequent use of them and comprehensive support from the patients. On the other hand, if patients are not encouraged to use these methods, the psychological and physical effects of these methods in the patient are reduced so that over time, they will feel that the use of these methods does not lead to an appropriate therapeutic effect on their well-being, and therefore they will abandon taking them. More clearly, in people with osteoarthritis, effort should be made to create a positive attitude toward the effects of non-threatening and repeatable methods. Thus, the patients will be able to take advantage of both physiological and emotional effects of such methods so that the effects of these methods can be used to improve patients' health (8) (9) (10) .
Conclusion
Since osteoarthritis is a disease that has no definite treatment, it is recommended to apply aromatherapy to reduce fatigue in patients with knee osteoarthritis.
